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A SWITCH FOR AN OPTICAL TRANSMISSION NETWORK USING WAVELENGTH 

DIVISION MULTIPLEXING 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based on French Patent Application No. 00 12 510 filed 
5 October 2, 2000, the disclosure of which is hereby incorporated by reference thereto in 
its entirety, and the priority of which is hereby claimed under 35 U.S.C. §1 19. 
BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a switch for use in an optical communication 
10 network using wavelength division multiplexing. 
Description of the prior art 
Jp The present invention is in the field of optical switches or optical switching 

CD ' nodes having a "multigranularity" architecture. The "granularity" concept relates to 

pi predefined sets of transmission resources (typically carrier wavelengths or wavelength 

fij 15 division multiplexes). The resources of this kind of set can be considered as a whole for 
~ E the purposes of some common processing (typically switching). A multigranularity 

£5 architecture therefore takes account of different levels of granularity to switch the total 

^ traffic at a switch. For example, a portion of the total traffic can be switched at the "fiber" 

level, i.e. grouping together all wavelengths that can be conveyed by an optical fiber, 
20 which therefore corresponds to the highest level of granularity. Another portion can be 
switched at the band of wavelengths level, which corresponds to an intermediate level of 
granularity. A final portion can be switched at the wavelength level, which corresponds to 
the lowest level of granularity. Intermediate levels of granularity can be further defined. 

Using a multigranularity architecture limits the increase in the complexity of the 
25 switches in optical networks. 

Telecommunications are currently expanding at a very great rate, reflected in 
increasing demands for data transmission. Fiber optic transmission is particularly affected 
by this phenomenon and the quantity of data transmitted via optical networks is 
constantly increasing. This is reflected in an increase in the number of fibers installed in 
30 networks and the number of carrier wavelengths used. 

As of now, an optical fiber is capable of transmitting up to 256 wavelengths 
and each wavelength can convey a data bit rate of 10 gigabits per second 
(1 Gbit = 10 9 bits). Accordingly, depending on the number of fibers arriving at the input 
of the optical switch, the total bit rate to be switched can be in excess of several tens of 
35 terabits per second (1 Tbit = 10 12 bits). 
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An optical switch with a multigranularity architecture processes data bit rates of 
' 11 this magnitude by switching partly wavelengths and partly bands of wavelengths, i.e. 

single-wavelength channels and wavelength multiplexes, respectively. The switch can 
further process groups of bands. Another possibility would be to process only bands of 
5 wavelengths and groups of bands. To simplify the description, the remainder of the 
description covers, by way of example only, three levels of granularity: wavelength, band 
and "fiber", the latter level corresponding to a special case of groups of bands combining 
all wavelengths that can be conveyed by an optical fiber. 

Figure 1 is a diagram of a prior art optical switching node with a 
1 0 multigranularity architecture. 

With the multigranularity architecture, it has been possible to evolve from 
y3 monoblock switching nodes to switching nodes consisting of a stack of subnodes. Each 

0= switching subnode is assigned to a corresponding level of granularity. Thus in the 

pi example shown there is a switching subnode FXC associated with the "fiber" level of 

C3 15 granularity (which is a special case of groups of bands), a switching subnode BXC 
associated with the "band" level of granularity, and a switching subnode WXC associated 
with the "wavelength" level of granularity. 

In figure 1, the incoming fibers IF are first routed to the input ports IP of the 
switching subnode FXC. A few of the incoming fibers IF are switched directly to the output 
O 20 fibers OF via the output ports OP of the switching subnode FXC. A fiber AF coming from 
the client is directly inserted at a fiber insertion port P ins of the switching subnode FXC. A 
fiber DF to the client is extracted from a fiber extraction port P ext of the subnode FXC. The 
fiber DF must be wavelength division demultiplexed for the client, but the demultiplexers 
are not shown in the figure. Fibers F bf are inserted from the switching subnode BXC to the 
25 fiber insertion ports P fns of the subnode FXC. These fibers F bf come from the band to fiber 
multiplexer Mux B— >F which multiplexes the bands coming from the output ports OP of 
the switching subnode BXC. Finally, fibers F^ are extracted from the subnode FXC via 
extraction ports and are sent to the input ports IP of the subnode BXC after the fibers are 
demultiplexed into bands in the fiber to band demultiplexer Demux F— >B. 
30 The same switching process is used at the next lower level of granularity, i.e. in 

the switching subnode BXC at the band level of granularity, as well as at the lowest level 
of granularity, i.e. in the switching subnode WXC at the wavelength level of granularity. 

A few of the bands arriving at the input ports IP of the subnode BXC are 
switched to the output ports OP of the subnode BXC. A band AB coming from the client 
35 is directly inserted at an insertion port of the subnode BXC. A band DB sent to the client 
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is extracted via an extraction port P ext of the subnode BXC. The band DB must be 
wavelength division demultiplexed for the client but the demultiplexers are not shown in 
the figure. Bands B xb are inserted from the switching subnode WXC at the insertion ports 
P ins of the subnode BXC. These bands B xb come from the multiplexer Mux A^B which 
5 multiplexes wavelengths from the output ports OP of the switching subnode BXC into 
bands. Finally, bands B bx are extracted from the subnode BXC via extraction ports and 
are sent to the input ports IP of the subnode WXC after the bands are demultiplexed into 
wavelengths in the band to wavelength demultiplexer Demux B— >X. 

The same switching process is used again in the subnode WXC. A few of the 
1 0 wavelengths arriving at the input ports IP of the subnode WXC are switched to the output 
n ports OP of the subnode WXC. Wavelengths Ak coming from the client are directly 

y3 inserted at insertion ports P ins of the subnode WXC Wavelengths DX sent to the client are 

extracted via extraction ports of the subnode WXC. 

This prior art architecture just described with reference to figure 1 uses separate 
jj^ 15 switching matrices for each level of granularity (typically based on "crossbar" optical 
fj^j switches). The fiber level of granularity is processed in the switching matrix FXC, the band 

s level of granularity is processed in the switching matrix BXC, and the wavelength level of 

granularity is processed in the switching matrix WXC. There is therefore a dedicated 
ftf switching matrix for each granularity. For given numbers of input ports assigned to the 

20 three levels of granularity, this solution represents the optimum in terms of limiting the 
complexity and size of the overall system. 

However, because the number of input/output ports of each switching matrix 
allocated to each level of granularity is fixed, this becomes a drawback if evolving the 
architecture to adapt it to changes in traffic with time is envisaged. 
25 Consider a concrete example of this kind of architecture with a bit rate of 

10 Gbit/s per wavelength, 16 wavelengths per band and 10 bands per fiber. It may be 
necessary to switch: 

- in an initial step: 500 wavelengths, no band, no fiber, which represents a total 
bit rate of 5 Tbit/s; 

30 - in a second step: 250 wavelengths, 250 bands, no fiber, which represents a 

total bit rate of 42.5 Tbit/s; 

- in a third step: 100 wavelengths, 400 bands, no fiber, which represents a 
total bit rate of 65 Tbit/s; 

- in a fourth step: 100 wavelengths, 300 bands, 100 fibers, which represents a 
35 total bit rate of 209 Tbit/s; and 
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- in a fifth step: no wavelength, 200 bands, 300 fibers, which represents a total 
bit rate of 512 Tbit/s. 

The first step requires a 500x500 switching matrix WXC (which means a 
number of states of the matrix equal to 500x500) for the wavelength granularity. 
However, the switching matrix WXC will not be used completely in subsequent steps. 

The third step requires a 400x400 switching matrix BXC for the band 
granularity. However, only half of the input/output ports of that matrix will be used in the 
fifth step. 

Finally, the fifth step requires a 300x300 switching matrix FXC for the fiber 
granularity. Once again, the switching matrix is under-used in the other steps. 

Accordingly, with the preceding example of evolution, using the prior art 
architecture, the total number of input ports to be provided in the optical switch is equal 
to 1 200, and those ports will be only partially used. 

Also, the object of the present invention is to provide an architecture for 
switching different levels of granularity that avoids the drawbacks of the prior art, i.e. an 
architecture that is optimized not at a given stage of the evolution of the traffic to be 
switched but for a set of configurations adapted throughout that evolution. 

To this end, the invention proposes to use only one switching matrix to switch all 
levels of granularity at the same time. The three separate switching matrices of the prior 
art, respectively corresponding to the fiber, band and wavelength levels of granularity, 
are replaced by a single switching matrix that processes all granularities. Depending on 
what is required, i.e. depending on the traffic to be switched, appropriate numbers of 
ports of the single matrix are respectively assigned to a low level of granularity 
(wavelengths), to an intermediate level of granularity (bands of wavelengths), and finally 
to a high level of granularity (fibers). 
SUMMARY OF THE INVENTION 

The invention therefore provides an optical switch for an optical network using 
wavelength division multiplexing, the switch including: 

- pi input ports receiving pi respective wavelengths, p2 output ports, and first 
switching means for switching the wavelengths received at the pi input ports selectively 
to the p2 output ports, and/or 

- ql input ports receiving ql respective bands of wavelengths, q2 output ports, 
and second switching means for switching the bands of wavelengths received at the ql 
input ports selectively to the q2 output ports, and/or 

- rl input ports receiving rl respective groups of bands, r2 output ports, and 




third switching means for switching the groups of bands received at the rl input ports 
selectively to the r2 output ports, 

the switch including at least two of the first, second and third switching means, 
which consist of a single switching matrix able to couple any of the pl+ql+rl input 
ports to any of the p2 + q2-hr2 output ports. 

Other features and advantages of the invention will become more clearly 
apparent on reading the following description of one particular embodiment of the 
invention, which description is given with reference to the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram of an optical switch using a prior art multigranularity 
architecture, as described in the above preamble. 

Figure 2 is a diagram of an optical switch in accordance with the invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the preferred embodiment of the invention described below with reference to 
figure 2, there are three levels of granularity: wavelength, band of wavelengths and fiber. 
The invention can nevertheless be implemented with two or more than three levels of 
granularity. 

Incoming fibers IF are received at the input of the switch 1 which delivers 
outgoing fibers OF at the output. A series of wavelengths Ak coming from the client is 
also added at the switch 1 and a series of wavelengths DX sent to the client is extracted 
at the switch 1 . 

The switch 1 uses a single multigranularity switching matrix MXC which has a 
first series of pi input ports \XP assigned to the wavelength level of granularity to receive 
pi respective wavelengths, a second series of ql input ports IBP assigned to the band of 
wavelengths level of granularity to receive ql respective bands of wavelengths, and a 
third series of rl input ports IFP assigned to the fiber level of granularity to receive rl 
respective fibers. 

The single matrix MXC also includes, in corresponding relationship with the 
input ports, a first series of p2 output ports OXP assigned to the wavelength level of 
granularity, a second series of q2 output ports OBP assigned to the band of wavelengths 
level of granularity, and a third series of r2 output ports OFP assigned to the fiber level 
of granularity. 

At the input of the switch 1, whose core is delimited by a dashed line in figure 
2, is an input interface consisting of a set of fiber to band demultiplexers Demux F-»B 
and band to wavelength demultiplexers Demux B-»X. At the output of the switch 1 is an 



output interface consisting of a set of wavelength to band multiplexers Mux A,-»B and 
band to fiber multiplexers Mux B— >F. The output interface can also include wavelength 
converters, band converters and/or regenerators, not shown in figure 2. Their presence is 
optional, however. 

In the core of the switch 1 is an internal rearrangement area consisting, on the 
one hand, of a set of fiber to band demultiplexers Demux F— >B and band to wavelength 
demultiplexers Demux B->A,, of the same type as those previously described, and, on the 
other hand a set of wavelength to band multiplexers Mux X—>B and band to fiber 
multiplexers Mux B^F, also of the same type as those previously described". 

Some of the incoming fibers IF, after first being demultiplexed into bands by the 
fiber to band demultiplexers Demux F->B, are further demultiplexed into wavelengths by 
the band to wavelength demultiplexers Demux and are then sent to the pi input 

ports IAP assigned to wavelengths of the single matrix MXC. The wavelengths are then 
switched by first switching means to the p2 output ports OAP assigned to wavelengths of 
the matrix MXC. The first switching means consist of the single switching matrix MXC and 
switch the wavelengths received at the pi input ports assigned to wavelengths selectively 
to p2 output ports assigned to wavelengths. 

Other incoming fibers IF are demultiplexed into bands of wavelengths by the 
fiber to band demultiplexers Demux F— >B and are sent to the ql input ports IBP assigned 
to bands of wavelengths of the matrix MXC. The bands of wavelengths are then switched 
by second switching means to the q2 output ports OBP assigned to bands of wavelengths 
of the matrix MXC. The second switching means consist of the single switching matrix 
MXC and switch the bands of wavelengths received at the ql input ports selectively to the 
q2 output ports. 

Finally, some incoming fibers IF are sent directly to the rl input ports IFP 
assigned to fibers of the matrix MXC to be switched by the third switching means to the 
r2 output ports OFP assigned to fibers of the matrix MXC. The third switching means 
consist of the single switching matrix MXC and switch the fibers received at the rl input 
ports selectively to the r2 output ports. 

At the level of the output ports O^.P assigned to the wavelength granularity, 
some wavelengths are directed to the output interface and are then multiplexed into 
bands and then into fibers by the wavelength to band multiplexers Mux A,— >Q and band 
to fiber multiplexers Mux B-»F. Other wavelengths can be directed to the internal 
rearrangement area. Those wavelengths can then be looped to the switching matrix 
MXC, on the one hand, at the level of the input ports IBP assigned to the band 




granularity via wavelength to band multiplexers Mux X—>& in the internal rearrangement 
area and, on the other hand, at the level of the input ports IFP assigned to the fiber 
granularity by wavelength to band multiplexers Mux X— >B and band to fiber multiplexers 
Mux B-*F. 

At the output ports OBP assigned to the band granularity, some bands are 
directed directly to the output interface and are multiplexed into fibers by band to fiber 
multiplexers Mux B— »F. Other bands can be directed to the internal rearrangement area. 
Those bands can then be looped to the switching matrix MXC, on the one hand, at the 
input ports W? assigned to the wavelength granularity by band to wavelength 
demultiplexers Demux B—>X in the internal arrangement area, and, on the other hand, at 
the input ports IFP assigned to the fiber granularity by band to fiber multiplexers Mux 
B->F. 

At the output ports OFP assigned to the fiber granularity, some fibers are 
directed directly to the output interface. Other fibers can be directed to the internal 
rearrangement area. Those fibers can then be looped to the switching matrix MXC, on 
the one hand, at the input ports IBP assigned to the band granularity by fiber to band 
demultiplexers Demux F^B in the internal rearrangement area, and, on the other hand, 
at the input ports IAP assigned to the wavelength granularity by fiber to band 
demultiplexers Dmux F— >B and band to wavelength demultiplexers Demux B->A,. 

One advantage of the invention is that this single-matrix architecture can switch 
all the granularities at the same time and is more flexible as a function of evolution of the 
traffic to be switched in the optical switch. The single switching matrix used in the switch 
in accordance with the invention can couple any of the pi +ql +rl input ports to any of 
the p2 + q2 + r2 output ports, even if all possible states of the switch are not generally 
used for a given multigranularity configuration. 

Accordingly, input/output ports that were assigned to wavelengths can 
subsequently be assigned to bands of wavelengths to increase the capacity of the matrix 
in terms of bit rate. The capacity is increased without changing the space switch and by 
operating at the level of the input and output interfaces and the internal rearrangement 
area, i.e. by modifying the connections at the level of the demultiplexers and the 
multiplexers. This kind of switching matrix can therefore adapt to increasing data bit rates 
through being able to change capacity at will. 

The single switching matrix MXC uses the same technology as the fiber level of 
granularity switching matrices used in the prior art architectures employing a separate 
switching matrix for each granularity. 
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In one particular embodiment of the invention, the input interface and the 
output interface as described previously are dispensed with. Demultiplexing at the input 
of the switch 1 and multiplexing at the output are therefore dispensed with and the switch 
1 uses only the internal rearrangement area, consisting of the set of multiplexers and 
demultiplexers situated within the architecture, in this particular embodiment, all input to 
the switch 1 is at the fiber level of granularity. The fibers are then directed to the internal 
rearrangement area to be demultiplexed to the band level of granularity and then to the 
wavelength level of granularity. 



